Catalase and superoxide dismutase (SOD) activities of virulent and nonvirulent isolates of Staphylococcus aureus were compared. The mean value of catalase activity for intact cell suspensions was 2,773 + 1,049 Kat f units (Kat f is defined as the ratio of the velocity constant of catalase at 0 min to the protein content in grams per milliliter); that of nonvirulent isolates was 154 + 92 Kat f units. The mean value of the catalase activities for lysates of virulent isolates was 260 ± 120 Kat f units, and that of nonvirulent isolates was 31 ± 19 Kat f units. Catalase levels in intact cells as well as in cell lysates were significantly different for virulent than for nonvirulent S. aureus isolates (P < 0.001). The mean value of SOD activities was 20.85 ± 11.48 U (1 U is defined as the amount of SOD required to inhibit the rate of reduction of cytochrome c by 50%) for virulent cell lysates, compared with a mean of 5.39 ± 2.89 U for nonvirulent cell lysates. The SOD levels in virulent and nonvirulent isolates were significantly different (P < 0.001). The virulence of the S. aureus isolates was determined by comparing weight gains of neonatal mice injected with virulent or nonvirulent strains. The percent weight gain of neonatal mice injected with virulent isolates was significantly lower than that of those injected with nonvirulent isolates.
Phagocytic leukocytes have a considerable arsenal of killing mechanisms at their disposal for the destruction of invading microorganisms (18) . After ingestion of a microorganism by a leukocyte, oxygen consumption is found to increase, along with an increase in the consumption of glucose (12, 32, 37) . In the ground state, molecular oxygen has two unpaired electrons in its outer orbitals. Each of these outer orbitals can accommodate an additional electron. The addition of one electron produces the superoxide anion (O2 ); this anion can function either as an oxidant, in which case it gains an electron and produces hydrogen peroxide, or as a reductant, in which case it loses its electron and is oxidized to oxygen (4, 7, 9).
Two superoxide ions can interact such that one anion is reduced and the other is oxidized, with the resulting formation of hydrogen peroxide and oxygen (13, 30, 36) . Superoxide fluxes have been shown to kill cells (25) , inactivate viruses (19) , induce lipid peroxidation (15) , and damage DNA (8) and membranes (11, 16) . Oxygen-utilizing cells contain superoxide dismutase(s) (SOD), a metalloenzyme which promotes the dismutation of superoxide to hydrogen peroxide (10), and catalase, which acts on hydrogen peroxide to produce water and oxygen (5) .
An obstacle to research into the pathogenesis of staphylococcal infection is the difficulty of reproducing in experimental animals the most common staphylococcal diseases, pyogenic infection of the skin and underlying tissues (23) . Experimental skin infections have been induced by injecting staphylococci along with plugs of cotton dust (29) . Recently, however, an animal model system was developed in which inhibition of weight gain was used as an index of staphylococcal virulence (17) . In this model, newborn mice were used. On injection, the mortality rate, multiplication of organisms in the skin, and weight gain were followed over a period of 5 days. The study showed a high correlation between virulence and the studied parameters. 12 ,000 x g for 10 min at 4°C. The resultant cell pellets were washed three times in 50 mM potassium phosphate buffer (pH 7.8).
Lysis procedure. The lysis conditions have been described previously (2). Lysostaphin and DNase I (Sigma Chemical Co., St. Louis, Mo.) were dissolved separately in P04-EDTA buffer (0.05 M potassium phosphate, 10-4 M EDTA [pH 7.8]) to concentrations of 0.5 and 0.2 mg/ml, respectively. Both solutions were stored frozen (-20°C) and thawed as needed. For lysis, 0.4 ml of the lysostaphin solution per ml of cell suspension was mixed. After incubation at 35°C for 15 min, DNase at a concentration of 0.1 ml/ml of suspension medium was added to the mixture, which was allowed to stand at room temperature for 1 min. The suspension was then centrifuged at 12,000 x g for 10 min. The supernatant was retained and stored in an ice bath.
Catalase assay. The colorimetric assay of Sinha (33) was used. This method is based on the reduction of dichromate in acetic acid to chromic acetate when heated in the presence all, of the extra oxygen consumed is first reduced to superoxide before being converted to hydrogen peroxide (13) . The conversion reaction is catalyzed by the enzyme SOD (18) or may occur spontaneously (9) . The importance of hydrogen peroxide in the killing of bacteria was demonstrated on examination of polymorphonuclear leukocytes from infection-prone patients with chronic granulomatous disease. Deficiencies of hydrogen peroxide production, among others, frequently increased the susceptibility of these patients to infection (6) . Hydrogen peroxide, whether generated directly by the dismutation of superoxide radicals or not, is scavenged by catalase. Thus, catalase activity may be related to virulence. In this study, the activity of catalase was expressed in Kat f units. The results demonstrated that virulent isolates of S. aureus had higher Kat f values than did nonvirulent isolates, suggesting a direct relationship between virulence and catalase activity. Earlier observations have established a similar correlation between virulence and resistance to hydrogen peroxide in tubercle bacilli (26, 28) . Further support of the direct relationship between catalase and virulence involved experiments with tubercle bacilli. These experiments showed that hydrogen peroxide susceptibility and low virulence could be ascribed to catalase deficiencies. The importance of hydrogen peroxide resistance to virulence was further supported by the significant loss of virulence when loss of catalase was caused by mutation (14) . Although catalase activity was directly proportional to the degree of virulence, it was not the sole determinant of virulence (14) .
The superoxide anion, the substrate of SOD, can be deleterious to S. aureus owing to its ability to function either as an oxidant, in which case it gains an electron and produces hydrogen peroxide, or as a reductant, in which case it loses its electron and is oxidized to oxygen. The ability of the microorganism to deplete the superoxide anion by SOD may be a factor in its virulence. Results of this study show the relatively higher SOD activities in virulent S. aureus strains as compared with the much lower activities in nonvirulent strains. This was in agreement with studies with virulent Listeria monocytogenes, which showed that strains were relatively resistant to killing in a superoxide-containing medium at pH 7 (36) . The present study showed a marked correlation of SOD activities with virulence among the S. aureus strains tested. The SOD enzyme(s) has been postu- (34) . It appeared that SOD contents varied with oxygen utilization: the more air utilized, the greater the pathogenic potential.
The virulence of S. aureus has been attributed to a number of factors. For example, it has been reported that a capsulated strain of S. aureus had an increased virulence as a result of its ability to resist phagocytosis (24) . In experiments with S. aureus mutants, a-lysin was found to contribute to virulence in mice (35) . This was shown by smaller skin lesions in mice injected with nonvirulent strains compared with those injected with virulent strains. The virulence of S. aureus also has been studied in another animal model system. Neonatal mice were shown to have an inhibited weight gain when challenged with virulent strains of S. aureus (17) .
The findings reported in this study agree with earlier findings that virulent S. aureus, injected subcutaneously into neonatal mice, causes a reduction in weight gain when followed over a 5-day period. Despite the relative high resistance of mice to staphylococci, mice have been accepted as the animal of choice for experimental infection (27) 
